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Cosmic Gamma-ray Background Radiation
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Chuo-ku, Sagamihara, Kanagawa 252-5210, Japan∗
The cosmic gamma-ray background radiation is one of the most fundamental observables in the gamma-ray
band. Although the origin of the cosmic gamma-ray background radiation has been a mystery for a long time,
the Fermi gamma-ray space telescope has recently measured it at 0.1–820 GeV and revealed that the cosmic
GeV gamma-ray background is composed of blazars, radio galaxies, and star-forming galaxies. However, Fermi
still leaves the following questions. Those are dark matter contribution, origins of the cosmic MeV gamma-ray
background, and the connection to the IceCube TeV–PeV neutrino events. In this proceeding, I will review the
current understandings of the cosmic gamma-ray background and discuss future prospects of cosmic gamma-ray
background radiation studies. I also briefly review the current status of cosmic infrared/optical background
radiation studies.
1. Introduction
The cosmic background radiation is one of the most
fundamental observables from the sky. It is the result
of integrated emission from its origins over the cosmic
history. Figure. 1 shows the measured cosmic back-
ground radiation spectrum from microwave to gamma
rays.
The origins of cosmic background radiation from
microwave to X-ray are well understood. For exam-
ple, the cosmic X-ray background (CXB) has been
conclusively shown to be the integrated light pro-
duced via the accretion process of active galactic nu-
clei (AGNs), in particular Seyferts, hosting supermas-
sive black holes [e.g. 1]. By contrast, the origin of the
cosmic gamma-ray background (CGB)1 has been an
intriguing mystery for these forty years since its dis-
covery by the SAS-2 satellite [2, 3]. Moreover, gamma-
ray signatures from dark matter particles are expected
to be buried in the CGB. The CGB has drawn a lot
of attention from the community for a long time.
Before the Fermi gamma-ray space telescope (here-
inafter Fermi) era, neither spectrum nor origins of
the cosmic GeV gamma-ray background were not well
understood. Although EGRET onboard the CGRO
satellite reported the spectrum at 0.03–50 GeV [4, 5],
an anomaly was known to exist at GeV energies, the
so-called EGRET GeV anomaly [6]. Regarding the
origins of the background, blazars were expected to
explain it. However, due to small EGRET samples,
it was predicted that blazars’ contribution is at the
level of 20-100% depending on models [see e.g. 7,
and references therein]. More accurate determination
of the CGB spectrum and more extragalactic source
samples were required to understand the nature of
∗Electronic address: yinoue@astro.isas.jaxa.jp
1The cosmic gamma-ray background (CGB) is also called as
the extragalactic gamma-ray background (EGRB or EGB) or
the isotropic gamma-ray background (IGRB).
10-10
10-9
10-8
10-7
10-6
10-5
10-4
10-3
10-2
10-6 10-4 10-2 100 102 104 106 108 1010 1012
E2
 
dN
/d
E 
[er
g c
m-
2  
s-
1  
sr
-
1 ]
Photon Energy [eV]
Galaxies (Inoue et al. ’13)
Pop-III Stars (Inoue et al. ’13)
AGNs (All)
Seyferts (Inoue et al. ’08)
Blazars (Inoue and Totani ’09)
Radio Galaxies (Inoue ’11)
Figure 1: The cosmic background radiation spectrum
from microwave to gamma-ray energies. Contribution
from galaxies [8], Pop-III stars [8], Seyferts [9], blazars
[7], radio galaxies [10], and all AGNs is shown by purple,
cyan, red, green, blue, and black curve, respectively. The
references for the measurements are in [8, 11].
the CGB. Fermi has recently reported a broadband
CGB spectrum and the large Fermi source catalog
has enabled us to unveil the origins of the CGB at
the GeV gamma-ray band. At the same time, the
current Fermi measurement still leaves the following
unanswered problems. First, the signature of dark
matter annihilation/decay has not yet observed in the
CGB. Second, the origins of the cosmic MeV gamma-
ray background are not understood at all. Lastly, the
cosmic TeV gamma-ray background has not been ex-
plored yet. Especially understanding of its connection
to the recent IceCube neutrino events will be an im-
portant key in this multi-messenger astronomy era.
In this paper, I review our current understand-
ings of the cosmic GeV gamma-ray background ra-
diation in §.2. Then, future prospects of the cosmic
gamma-ray background studies will be discussed in
§.3. I also briefly review the current status of cosmic
infrared/optical background radiation studies in §.4.
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Figure 2: The CGB intensities measured by Fermi. The
error bars include the statistical uncertainty and
systematic uncertainties. The shaded bands indicate the
systematic uncertainty arising from uncertainties in the
Galactic foreground. The CGB intensity is the sum of
the unresolved CGB and the resolved LAT sources
(resolved CGB) at high Galactic latitudes, |b| > 20 deg.
Taken from Ackermann et al. 2014 [12], but the legends
in the plot are modified.
Summary is given in §.5.
2. Cosmic GeV Gamma-ray Background
Radiation
2.1. Measurements
Fermi has recently allowed a broadband and accu-
rate measurement of the CGB spectrum between 0.1–
820 GeV [12], which is updated from the previous re-
port [13]. The anomaly seen in the EGRET CGB
spectrum disappeared. Fermi has resolved ∼ 30%
of the cosmic GeV gamma-ray background to point
sources at ∼ 1 GeV and resolved more at higher ener-
gies. This implies that current and future Cherenkov
gamma-ray telescopes will be able to reveal a great
portion of the CGB at >∼ 100 GeV with their bet-
ter sensitivities at these energies [14]. The result-
ing unresolved background spectrum is found to be
compatible with a power law with a photon index
of 2.32 that is exponentially cut off at 279 GeV.
The total intensity of the unresolved CGB is 7.2 ×
10−6 cm−2s−1sr−1 above 0.1 GeV. The measured cut-
off signature may reflect gamma-ray attenuation by
the cosmic infrared/optical background. However,
further studies will be required to conclude it as the
result of the gamma-ray attenuation, since it also de-
pends on intrinsic spectra and evolution of source pop-
ulations.
2.2. Compositions
Various gamma-ray emitting sources have been dis-
cussed as the origins of the cosmic GeV gamma-ray
background in the literature. Those are blazars [e.g.
7, 15, 16], star-forming galaxies [e.g. 17, 18], radio
galaxies [e.g. 10, 15, 17], gamma-ray bursts (GRBs)
[e.g. 19], high Galactic-latitude pulsars [e.g. 20], in-
tergalactic shocks [e.g. 21, 22], Seyferts [e.g. 9], cas-
cade from ultra-high-energy cosmic rays [e.g. 23, 24],
large galactic electron halo [25], cosmic-ray interac-
tion in the solar system [26], and dark matter anni-
hilation/decay [e.g. 27]. Among these possible candi-
dates, Fermi has observed gamma rays from blazars,
star-forming galaxies, radio galaxies, GRBs, and high-
latitude pulsars [39]. These are guaranteed popu-
lations contributing to the CGB. Since gamma-ray
bursts and high-latitude pulsars are known to make
little contribution [19, 28], I focus on blazars, radio
galaxies, and star-forming galaxies below.
2.2.1. Blazars
Blazars emit gamma rays via the inverse Compton
scattering processes (e.g. [30, 31, 32, 33], but see also
hadronic processes [34, 35]). Observationally, blazars
are known to be divided into two population, flat spec-
trum radio quasars (FSRQs) and BL Lacs, and it has
been suggested that the spectral energy distributions
(SEDs) of blazars evolve with luminosity, as described
by the so-called blazar sequence [36, 37]. They are
dominant extragalactic gamma-ray sources [38, 39].
Therefore, it is naturally expected that blazars ex-
plain the cosmic GeV gamma-ray background [see e.g.
7]. However, its fraction was very uncertain in the
EGRET era due to its small samples.
With the large sample of gamma-ray blazars, Fermi
has enabled us to accurately evaluate the cosmologi-
cal evolution of blazars. Ajello et al. (2012) [40] con-
structed the gamma-ray luminosity function (GLF) of
FSRQs with the Fermi FSRQ samples. Regarding BL
Lacs, redshifts of about half of BL Lacs are not deter-
mined, which makes difficult to construct GLFs of BL
Lacs. Recently Ajello et al. (2014) [29] have success-
fully constructed the GLF of BL Lacs by using redshift
constraints on individual BL Lacs. These studies con-
firmed that FSRQs and BL Lacs, i.e. blazars, show
the luminosity-dependent density evolution like X-ray
AGNs [1], which was suggested since the EGRET era
[7, 41]. Base on these efforts, blazars are known to
explain ∼50% of the CGB flux above 0.1 GeV [e.g.
51]. At higher energies (>∼ 100 GeV), blazars explain∼100% of the cosmic gamma-ray background flux.
Interestingly, HBLs (low-luminosity BL Lacs) show
strong negative cosmological evolution, while FSRQs
and luminous BL Lacs (so-called LBLs and IBLs)
show positive evolution like Seyferts and the cosmic
star formation history [1, 42]. From other wavelength
studies, BL Lacs were known to show no or negative
eConf C141020.1
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Figure 3: Top Panel: The cosmic gamma-ray background spectrum of blazars (bule [29]), radio-galaxies (black striped,
[10]), star-forming galaxies, and summation of these three populations (yellow). The CGB measurement is shown by
red points. Bottom Panel: the residual emission, computed as the ratio of the summed contribution to the CGB
spectrum. Taken from Ajello et al. 2014 presented at the workshop ”High Energy Messengers: Connecting the
Non-Thermal Extragalactic Backgrounds” [51].
evolution (e.g. [43, 44] but see also [45] reporting pos-
itive evolution). Such negative evolution is different
from the evolution of other AGN populations. The
understanding of the physical cause of this negative
evolution may be an important key to understand the
AGN evolutionary history.
2.2.2. Radio Galaxies
Fermi has detected gamma rays from ∼10 mis-
aligned AGNs (i.e., radio galaxies) [46]. Although
they are fainter than blazars, radio galaxies in the
entire sky are more numerous than blazars. It is nat-
urally expected that they will make a significant con-
tribution to the CGB. To study the contribution of
gamma-ray-loud radio galaxies to the CGB, their GLF
is required. However, it is not straightforward to con-
struct it because of the limited Fermi radio galaxy
samples. On the contrary, the radio luminosity func-
tion (RLF) of radio galaxies is well established [e.g.
47], since they are mainly detected in the radio band.
Therefore, by using the correlation between radio and
gamma-ray luminosities of radio galaxies, we are able
to convert the RLF to the GLF. Base on this method,
radio galaxies are expected to explain ∼ 20 % of the
CGB at > 0.1 GeV [10, 48].
2.2.3. Star-forming Galaxies
Fermi has also detected gamma rays from 7 star-
forming galaxies [46]. Those gamma rays are pro-
duced interactions of cosmic rays with gas or interstel-
lar radiation fields. Since there are numerous galaxies
in the sky, they are also expected to contribute to the
CGB. However, similar to radio galaxies, GLF of star-
forming galaxies can not be constructed solely with
the Fermi samples. Therefore, using the correlation
between infrared and gamma-ray luminosities, both of
which trace the star formation activity, the contribu-
tion of star-forming galaxies to the background can be
estimated with the well-established infrared luminos-
ity functions [e.g. 18, 49]. The expected contribution
is 10–30% of the CGB at > 0.1 GeV [49].
Figure. 3 show the contribution of these three pop-
ulations to the cosmic gamma-ray background spec-
trum. Summing blazars, radio galaxies, and star-
forming galaxies, we can explain ∼ 90% of the CGB
radiation at > 0.1 GeV. By considering the mea-
surement and model uncertainties, Fermi has enabled
us to unveil that the cosmic GeV gamma-ray back-
ground is composed of blazars, radio galaxies, and
star-forming galaxies. However, I note that radio
galaxies and star-forming galaxies still rely on the lu-
minosity correlation due to the small samples. This
situation is very similar to blazar studies in the early
EGRET era [15, 16, 50]. Therefore, further data will
be required to precisely evaluate the fraction of these
two populations.
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3. Prospects for future Cosmic
Gamma-ray Background Radiation
Studies
Fermi has unveiled the origins of the cosmic GeV
gamma-ray background. However, there are still three
unsolved questions. First, we do not see the sig-
nature of dark matter particles in the CGB spec-
trum, although they are expected to contribute to
the CGB. How can we probe dark matters with fu-
ture cosmic gamma-ray background studies? Second,
although the cosmic X-ray and GeV gamma-ray back-
grounds are well understood, the cosmic MeV back-
ground has not been fully explored yet due to the
observational difficulties. What are the origins of the
cosmic MeV gamma-ray background? Lastly, the cos-
mic TeV gamma-ray background has never been ob-
served yet, although Fermi has revealed the CGB up
to 820 GeV. Recently, IceCube detected a few tens of
TeV–PeV neutrino events. Although their origins are
still debated, those neutrino events should be associ-
ated with gamma rays at those energies. How are the
cosmic gamma-ray background and the cosmic TeV–
PeV neutrino background connected? I briefly sum-
marize future prospects of these three issues.
3.1. Anisotropy of the Cosmic GeV
Gamma-ray Background Radiation
Fermi has accurately measured the cosmic GeV
gamma-ray background spectrum [12]. Fermi has also
measured the anisotropy, i.e. the angular power spec-
trum, of the CGB at 1–50 GeV [52]. Ando & Ko-
matsu (2006) [53] proposed that anisotropy in the
CGB is a smoking-gun signature of annihilation of
dark matter particles. Since dark matter traces the
large-scale structure of the universe, the emission from
dark matter is anisotropic and its spatial pattern is
unique and predictable [e.g. 54]. The measured an-
gular power spectrum was consistent with the con-
stant value at all multipoles, which means the Pois-
son term, so-called the shot-noise, dominates the sig-
nals. By comparing the expected CGB angular power
spectrum from dark matter annihilation with the mea-
sured power spectrum, upper limits on the annihila-
tion crosse section are placed [55]. The current data
exclude < σv >>∼ 10−25 cm3s−1 for annihilation into
bb− at the dark matter mass of 10 GeV. Since the
analysis was based on the first 22-month data, the
limits can be improved further with current and fu-
ture Fermi data.
Sirasaki et al. (2014) [56] have recently reported
the first measurement of the cross correlation of weak
gravitational lensing and the CGB emission (see Fig-
ure. 4). The cross correlation is also a powerful
probe of signatures of dark matter annihilation [57],
because both cosmic shear and gamma-ray emission
Figure 4: The 68 % confidence level upper limits on
〈σv〉 as a function of DM mass using the cross correlation
of cosmic shear and the CGB emission. The cosmic shear
data from the CFHTLenS (154 deg2) is used here. The
red shaded region shows the upper bound for the τ+τ−
channel and the green region is for the bb¯ channel. Note
that the widths of the shaded regions indicate the model
uncertainty. Taken from Shirasaki et al. 2014 [56].
originate directly from the same dark matter distri-
bution in the Universe. Using the cosmic shear data
from the CFHTLenS (154 deg2), they exclude dark
matter annihilation cross sections of < σv >= 10−24–
10−25 cm3s−1 for 100 GeV dark matter. There are
several wider optical survey projects in near future
such as the Subaru Hyper Suprime-Cam (HSC), the
Dark Energy Survey, and the Large Synoptic Sur-
vey Telescope (LSST). HSC and LSST will cover
1400 deg2 and 20000 deg2, respectively. These future
surveys will increase the sensitivity to probe the dark
matter annihilation cross sections.
The anisotropy is also useful to constrain the cosmo-
logical evolution of sources. Since the number density
of blazars are smaller than radio galaxies and star-
forming galaxies, blazars contribute to the anisotropy
more significantly than the other two do. Therefore,
the anisotropy measurement enabled us to put con-
straints on the blazar evolution models [58, 59, 60].
3.2. Cosmic MeV Gamma-ray
Background Radiation
By contrast to the cosmic X-ray/GeV gamma-ray
backgrounds, the origin of the cosmic MeV gamma-
ray background at ∼ 1− 10 MeV is still an intriguing
mystery. The background spectrum from several hun-
dreds keV to several tens MeV is smoothly connected
to the CXB spectrum and shows much softer than
the GeV component [61, 62, 63], indicating a different
origin from that above 100 MeV. The Seyfert spectra
eConf C141020.1
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Figure 5: Expected Poisson term of the angular power
spectrum of the cosmic MeV gamma-ray background at
200 keV– 10 MeV. Red and blue curve corresponds to
Seyferts with non-thermal electrons in coronae [9] and
FSRQs [68], respectively, assuming the MeV background
is explained by them. For reference, we also plot the
model of Seyferts with thermal cutoff [73] by dotted
curve which does not explain the MeV background
radiation. Taken from Inoue et al. 2013 [11]
adopted in population synthesis models of the CXB
cannot explain this component because of the assumed
exponential cutoff at a few hundred keV, where ther-
mal hot corona above the accretion disk is assumed.
Several candidates have been proposed to explain
the MeV background. One was the nuclear-decay
gamma-rays from Type Ia supernovae [SNe Ia; 64].
However, recent measurements of the cosmic SN Ia
rates show that the expected background flux is about
an order of magnitude lower than observed [65, 66].
Seyferts can naturally explain the MeV background
including the smooth connection to the CXB [9, 67].
Comptonized photons produced by non-thermal elec-
trons in coronae surrounding accretion disks can pro-
duce the MeV power-law tail [9]. There is also a
class of blazars, called MeV blazars which are FS-
RQs, whose spectra peak at MeV energies. These
MeV blazars could potentially contribute to the MeV
background as well [68]. Radio galaxies have been
also discussed as the origin of the MeV background
[17]. However, recent studies show that the expected
background flux from radio galaxies is ∼ 10% of the
total MeV background flux [10, 69]. Annihilation
of the dark matter particles has also been discussed
[70, 71, 72], but those are less ”natural” dark mat-
ter candidates, with a mass scale of MeV energies,
rather than GeV-TeV dark matter candidates. In
either cases, there is little observational evidence of
MeV emission from these candidates and a quantita-
tive estimate is not easy due to the sensitivity of the
MeV measurements.
It is not easy to resolve the MeV sky as in the
soft X-ray or the GeV gamma-ray bands. However,
anisotropy in the background radiation will shed new
light on this problem as in the GeV gamma-ray back-
ground [53]. Fig. 5 shows the Poisson term of the
angular power spectra of Seyferts with non-thermal
components in coronae [9] and FSRQs [68]. For refer-
ence, we also plot Seyferts with simple thermal cutoff
spectra [73], but note that those do not explain the
MeV background. Since the contribution of the cor-
relation term is negligible in this energy region and
the assumed flux limits, the angular power spectrum
is dominated by the Poisson term. This Poisson term
measurement is useful enough to distinguish the ori-
gin of the MeV background. The difference of the Cpl
of Seyferts [9] and FSRQs [68] is more than an order
of magnitude. The reason why we can clearly distin-
guish the origin is as follows. Seyferts are fainter but
more numerous than blazars. These two differences
are able to make future MeV instruments such as the
SGD on board Astro-H [74] clearly detect the origin of
the MeV gamma-ray sky through the angular power
spectrum of the sky.
If the origin of the MeV background is non-thermal
emission from Seyfert [9], this implies that magnetic
reconnection heats the corona above the disk and ac-
celerate non-thermal electrons in the corona. As dis-
cussed in [9, 75], this scenario will be also tested by
future X-ray and sub-mm observations of individual
sources. If it is FSRQs [68], this implies that there
are two distinct FSRQ populations in MeV and GeV
because of the spectral difference between the MeV
and GeV background. This will suggest that there
are two different populations in FSRQs between MeV
and GeV. This may pose a problem to the AGN uni-
fication scheme.
3.3. Cosmic TeV Gamma-ray
Background Radiation
The cosmic TeV gamma-ray background has not
been observed yet, although Fermi has measured the
CGB up to 820 GeV. Here, very high energy (VHE;
>∼ 100GeV) gamma-rays propagating through the uni-
verse experience absorption by the interaction with
the cosmic optical/infrared background (COB and
CIB) via electron–positron pair production [e.g. 8].
Those generated electron–positron pairs scatter the
cosmic microwave background (CMB) radiation via
the inverse Compton scattering and generate sec-
ondary gamma-ray emission component (the so-called
cascade emission) in addition to the absorbed pri-
mary emission 2. At redshift z, the scattered pho-
ton energy Eγ,c appears at lower energy than the in-
2The pairs may loose their energy through the plasma beam
instabilities ([78, 79], but see also [80]).
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Figure 6: Upper limit on the CGB by requiring the
cascade emission not to exceed the CGB data below
100 GeV in the model-independent way. We set the
photon index Γ = 1.5 and the maximum energy
Emax = 60 TeV with no redshift evolution. Dotted,
dot–dashed, double dot–dashed and dashed curves show
the intrinsic spectrum (no absorption), absorbed,
cascade, and total (absorbed+cascade) CGB spectrum,
respectively. Thick solid curve with arrows show the
upper limit. The filled square points show the observed
CGB data with the 11-months Fermi data [13]. The circle
points show the observed CGB data with the 24-months
Fermi data [77]. Error bars represent 1-σ uncertainty of
the data. Taken from Inoue & Ioka 2012 [76]
trinsic photon energy Eγ,i, typically Eγ,c ≈ 0.8 (1 +
z) (Eγ,i/1 TeV)
2
GeV. This cascade component is
also expected to contribute to the CGB [76, 81, 82].
Therefore, the current CGB measurement below 100
GeV sets an upper limit on the CGB itself at the
TeV gamma-ray band. The limit is conservative for
the electromagnetic cascade emission from the VHE
CGB interacting with the cosmic microwave-to-optical
background radiation not to exceed the current CGB
measurement [76] (See Figure 6).
Measurements of the cosmic TeV gamma-ray back-
ground spectrum is also important from the multi-
messenger point of view. The IceCube Collabora-
tion has recently reported the detection of TeV–PeV
neutrinos for the first time [83, 85]. This detection
opens up a multi-messenger connection among pho-
tons, neutrinos, and cosmic rays. The origin of the
IceCube neutrinos are still under debate [see 86, for
reviews]. Conventionally, those high energy neutri-
nos are produced by cosmic rays via hadronuclear
(pp) and/or photohadronic (pγ) interactions. In ei-
ther cases, gamma rays must be produced. If the
IceCube events originate in the extragalactic sky, the
origins of these neutrino events are also responsible
for the cosmic TeV gamma-ray background radia-
tion. Importantly, the measured cosmic gamma-ray
background flux around 0.7 TeV is E2γdNγ/dEγ ∼
2×10−8 GeV cm−2 s−1 sr−1, while the measured neu-
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Figure 7: The allowed range in pp scenarios explaining
the measured IceCube neutrino flux, which is indicated
by the shaded area with arrows. The integrated neutrino
background (dashed) and corresponding CGB (solid) are
shown for Γ = 2.0 (thick) and Γ = 2.14 (thin). No
redshift evolution is assumed here. The shaded rectangle
indicates the IceCube data [83]. Taken from Murase et
al. 2013 [84].
trino background flux in the 100 TeV–PeV range is
E2νdNν/dEν ∼ 10−8 GeV cm−2 s−1 sr−1 per flavor
[83, 85].
In pγ scenarios, secondary spectra have a strong
dependence on target photon field energy distribu-
tion [87, 88], while pp scenarios give power-law sec-
ondary spectra following the initial cosmic-ray spec-
trum. Therefore, the current Fermi and IceCube mea-
surements put powerful constraints on pp scenarios
[84]. The allowed range in pp scenarios explaining the
neutrino events is shown in Figure. 7, taken from
Murase, Ahlers, and Lacki (2013) [84], in which the
gamma-ray attenuation by the CIB/COB is taken into
account. The IceCube data indicate that these sources
contribute at least 30–40% of the cosmic very high
energy gamma-ray background and even ∼ 100% for
softer spectra. As discussed above, blazars, which are
not pp sources, are responsible for ∼ 100% of that
background flux, which is inconsistent with the dis-
cussion here. Therefore, further studies in these fields
including evolution and SED of blazars are required
to ease this tension.
4. Cosmic Optical and Infrared
Background Radiation
The determination of the cosmic optical and in-
frared background radiation, sometimes called the
extragalactic background light (EBL), is important
to the CGB science. The COB/CIB, the dif-
fuse, isotropic background radiation from far-infrared
(FIR) to ultraviolet (UV) wavelengths, is believed to
be predominantly composed of the light from stars
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and dust integrated over the entire history of the uni-
verse [see 89, for reviews]. The observed spectrum
of the local COB/CIB at z = 0 has two peaks of
comparable energy density. The first peak in the op-
tical to the near-infrared (NIR) is attributed to di-
rect starlight, while the second peak in the FIR is
attributed to emission from dust that absorbs and re-
processes the starlight [8, 90]. The energy density of
the local COB/CIB has been constrained to be < 24
nW m−2 sr−1 at optical wavelengths, and < 5 nW
m−2 sr−1 between 8 µm and 31 µm [104]. Combined
with the lower limits from galaxy counts, the total
EBL intensity at z = 0 from 0.1 µm to 1000 µm is
inferred to lie in the range 52–99 nW m−2 sr−1 [105].
Integration over galaxy number counts provides a
firm lower bound on the COB, and the observed trend
of the counts with magnitude indicates that the COB
at z = 0 has been largely resolved into discrete sources
in the optical/NIR bands [see e.g. 91, 92]. However,
the precise determination of the COB/CIB has been a
difficult task. Direct measurements of the COB/CIB
in the optical and NIR bands have been hampered
by bright foreground emission caused by interplane-
tary dust, the so-called zodiacal light. An excess from
galaxy counts in the NIR background has been re-
ported by several experiments [see e.g. 93, 94]. Al-
though this excess can be explained by redshifted light
from first stars [93], reionization observations disfavor
such scenario which leads overproduction of ionizing
photons at high redshifts [95, 96]. Later it was also
found that this excess would be inconsistent with TeV
observations of nearby blazars (e.g. [97], but see also
[98]). Recently, Matsuoka et al. (2011) [99] reported
measurements of the COB at 0.44 µm and 0.65 µm
from outside the zodiacal region using observational
data from Pioneer 10/11, which are consistent with
the galaxy counts.
The COB/CIB can also be probed indirectly
through observations of high-energy gamma rays from
extragalactic objects [e.g. 100, 101, 102]. Gamma rays
propagating through the intergalactic space are atten-
uated by the pair production interactions with low-
energy photons of the COB/CIB. For gamma-rays of
given energy Eγ , the pair production cross section
peaks for low-energy photons with energy peak '
2m2ec
4/Eγ ' 0.5 (1 TeV/Eγ) eV, where me is the
electron mass and c is the speed of light. In terms
of wavelength, λpeak ' 2.5(Eγ [TeV]) µm. Measuring
the attenuation features in the spectra of extragalac-
tic GeV-TeV sources offers a valuable probe of the
COB/CIB that is indirect. Although this method can
be limited by incomplete knowledge of the intrinsic
spectra of the source before attenuation, by assum-
ing a plausible range for such spectra, observations
of blazars by current ground-based telescopes have
been able to place relatively robust upper limits to the
COB/CIB [e.g. 97]. This has been complemented by
Fermi observations of blazars and GRBs that placed
upper limits on the γγ opacity up to z = 4.35 [103].
Very recently, H.E.S.S. has successfully measured the
imprint of the local COB/CIB in the spectra of bright
blazars, assuming only that their intrinsic spectra
have smooth shapes [106]. Fermi has also positively
detected the redshift-dependent signature of the COB
attenuation up to z = 1.5, utilizing the collective spec-
tra of a large number of blazars [107]. However, re-
cently it has also known that there is a class of ex-
treme HBLs which shows very hard spectra at the
TeV gamma-ray band [see e.g. 8]. As their emis-
sion mechanism is still under debate [98, 108], further
careful analysis on the COB/CIB determination from
gamma-ray observations would be required.
Interestingly, very recently the CIBER collabora-
tion has reported an excess in the CIB fluctuation
from galaxies’ contribution at 1.1 and 1.6 µm [109],
which has previously reported at 3–5 µm by Spitzer
and AKARI [110, 111, 112]. This discovery may sug-
gest a new population in the CIB other than galaxies.
Further studies such as the CIB spectrum measure-
ments will be important to unveil the origin of this
excess.
5. Summary
Fermi has very recently allowed a broadband mea-
surement of the cosmic GeV gamma-ray background
spectrum between 0.1–820 GeV. Fermi has resolved
∼30% of it to point sources at ∼1 GeV and more
fraction at higher energies. The unresolved back-
ground spectrum is compatible with a power law with
a photon index of 2.32 that is exponentially cut off
at 279 GeV. Moreover, theoretical works based on the
Fermi measurements have unveiled the origin of the
cosmic GeV gamma-ray background which has been a
long standing problem in astrophysics. It is composed
of blazars, radio galaxies, and star-forming galaxies.
At > 100 GeV, blazars dominate the background flux.
It should be noted that estimation of contributions of
radio galaxies and star-forming galaxies relies on lim-
ited samples. This situation is similar to blazar stud-
ies in the early EGRET era. Moreover, SEDs at the
TeV gamma-ray band of these three populations are
not fully understood. Future observational data will
give deeper understanding on the cosmic GeV gamma-
ray background.
Although Fermi has unveiled the origins of the cos-
mic GeV gamma-ray background, there are still un-
solved questions. Those can be categorized to the
following three theme; dark matter contribution, the
cosmic MeV gamma-ray background, and the cosmic
TeV gamma-ray background. These problems can be
probed as follows. First, anisotropy of the cosmic
GeV gamma-ray background will be useful to con-
strain the dark matter properties. Furthermore, cross
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correlation between the cosmic shear and the gamma-
ray sky will be also a powerful probe of signatures
of dark matter annihilation. Especially, cross cor-
relation studies with coming optical wide field sur-
veys will put tight constraints on dark matter prop-
erties. Second, anisotropy will also the key to un-
derstanding the origin of the cosmic MeV gamma-ray
background, since it reflects the source distribution
in the sky. Lastly, the cosmic TeV gamma-ray back-
ground has been already constrained by itself at the
GeV gamma-ray band because the secondary gamma
rays can not overproduce the measured gamma-ray
background flux. More interestingly, if extragalac-
tic pp scenario is responsible for the recent IceCube
neutrino events, they will contribute 30–100% of the
cosmic gamma-ray background at >∼ 100 GeV, which
is inconsistent with the expected blazars’ contribu-
tion (∼100%) at this energy band. Further detailed
comparison between Fermi and IceCube would be im-
portant to understand the origin of the cosmic TeV
gamma-ray and the TeV–PeV neutrino background.
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